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Field Testing of Milking Machines 
by the Veterinarian 
by J. F. Thomas,* C. J. Johanns,** D.V.M., M.S., and 
J. S. McDonald,*** D.V.M., Ph.D. 
The question of veterinary involvement 
in milking machine (M M) analysis is con-
troversial. It is the opinion of some that 
M M matters should be left to the M M 
serviceman's judgement.3 The veterinarian 
should have an advisory role in M M man-
agement. With adequate knowledge and 
proper testing equipment a veterinarian 
can give an accurate and unbiased evalua-
tion of M M function. The veterinarian 
should involve himself more in evaluating 
M M function and less in making recom-
mendations on specific equipment designs, 
The requirements1 for analyzing M M 
systems are: 
1. A knowledge of basic principles of the 
MM. 
2. Testing equipment, 
3. Evaluation forms. 
4. Interpretation of data. 
A fast, reliable and inexpensive analy-
sis is necessary. The procedures explained 
* This paper was submitted for publication in the 
Spring '1971 when Dr. Thomas was a senior in the 
College of Veterinary Medicine. Iowa State University, 
Ames. 
•• Dr. Johanns is an assistant professor of Veterin-
ary Clinical Sciences, College of Veterinary Medicine. 
Iowa State University, Ames. 
U. Dr. McDonald is from the National Animal 
llisease Laboratory, Ames. 
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here are adequate for this purpose. 
The objectives of these procedures are 
to determine the vacuum system's capac-
ity, its activity at the teat end and to ap-
praise the equipment. 
Equipment needed for this analysiS is a 
vacuum recording device, (preferably a 
dual channel recorder) and an air flow me-
ter. A mercury manometer would be help-
ful to periodically check the accuracy of 
the vacuum gauges of the recorder and air 
flow meter. 
Figure 1 shows a form which when 
completed would contain the necessary 
data for the analysis. If possible the M M 
serviceman should be present at the evalu-
ation. Step I through IV of the analysis 
are completed prior to milking. Step V and 
VI are completed during the milking op-
eration_ 
Step I. Vacuum Pump Performance 
Determine the air flow at the vacuum 
pump by breaking into the system as close 
t The American Society of Mechanical Engineen 
Method measures volume of air at sea-level pressure 
(.Free Air). 
* The New Zealand Method measures volume of 
rur at 15 inches Hg vacuum. 
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to the pump as possible. Compare the air 
How reading with the capacity of the 
pump as given by the manufacturer. If 
the pump does not meet these standards 
it should be checked by the serviceman. 
The capacity of the pump is then com-
pared with the requirements of the sys-
tem. 
For optimal milking performance the 
vacuum system must have the capacity to 
remove sufficient air to maintain 15 in-
ches of vacuum. Generally, air is admit-
ted to the system by the vacuum regula-
tor and through air admission holes in 
each milking upit. 
Guidelines are used in selection of the 
appropriate sized pump to avoid overload-
ing a pump. Air is measured by c.f.m. 
(cubic feet per minute). Each milking 
unit in a bucket system or a pipeline sys-
ASME Method 
4 buckets or 2 pipeline units 
2 c.f.m. 4 c.f.m. 
S c.f.m. 8 c.f.m. 
4 c.f.m. 4 c.f.m. (50% re-
12 c.f.m. 12 c.f.m. serve) 
tern can admit 2 or 4 c.f.m. free ail; 
(ASME Standardt) respectively. How-
ever,4 if the NZ:j: standard is used 4 
c.f.m. and 8 c.f.m. per milking unit can 
be admitted to the vacuum system. To de-
termine the total c.f.m. capacity a pump 
must possess, multiply the number of 
units used by the amount of c.f.m. allowed 
per unit adjusted for the kind of system 
and method used. Add 50% of this sub-
total for reserve. The total c.f.m. should be 
compared with c.f.m. determined at the 
pump and the manufacturer's ratings. 
Example 
4 buckets used or 2 pipeline units 
12 c.f.m. ASME or 24 c.f.m. NZ-manu-
facturer's rating of pump 
24 c.f.m. at pump determined with airflow 
meter 
New Zealand Method 
4 buckets or 2 pipeline units 
4 c.f.m./unit S c.f.m. 
16 c.f.m. 16 c.f.m. 
8 c.f.m. 8 c.f.m. 
24 c.f.m. 24 c.f.m. 
The pump should function adequately if it is maintained properly. 
Step II. System Capacity 
The vacuum reserve reading is taken at 
the end of the vacuum line with all units 
attached to the vacuum line, liners stop-
pered and all accessories including the 
vacuum regulator operating. In a double-
slope pipeline disconnect one of the pipe-
lines at the receiving jar, plug one end 
and measure at the other. In a single 
slope pipeline, measure at the dead end. 
In a bucket system measure at the dead 
end or furthest point from the pump. To 
make this determination measure the air 
How necessary to lower the static vacuum 
V2 inch Hg. There should be a minimum 
of 2V2 to 3 c.f.m. free air per unit or a re-
serve equal to an additional 50% of the 
total requirements of the installation.s 
Step III. Vacuum Supply Lines 
Measure the inside diameter of the 
vacuum line from the pump to the mois-
ture trap and the diameter of the vacuum 
supply milkline and the pulsation line. The 
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diameters should conform to published 
minimum standards.1•7 Generally, all lines 
should be at least lY; inch J.D. for 1-3 
units, IV2 inch J.D. for 4-8 units and 2 
inches J.D. for 9-12 units. Take note of 
other factors which would reduce air How 
such as numerous pipe fittings, excessive-
ly long lines, street L's and leaks. 
Step IV. Milking Units 
Liners should be designed to fit the teat-
cup shells. Narrow bore liners should be 
used (inside diameter less than 3/t inch). 
Liners should be replaced after 500 to 
1,500 individual cow milkings3. Check 
for plugged air bleeder holes on the claws. 
Step V. Pulsator Action-Line Vacuum 
Measure the line vacuum- maintained 
by the regulator. Generally, this level 
should be 14 to 15 inches Hg but it may 
be best to check tables of manufacturer's 
specifications.a Check the pulsation rate. 
Pulsation rates between 40 and 60 per 
23 
minute seem to be adequate.5 Make re-
cordings from each pulsator w:ith the vac-
uum recorder. Examine the recordings for 
evidence of sticky or sluggish pulsators. 
From the recording, determine the pulsator 
ratio. Pulsator ratios between 2: 1 and 1: 1 
are adequate. AI: 1 ratio is acceptable but 
a 2: 1 ratio will reduce milking time slight-
ly. Pulsator ratios above 2: 1 may be irri-
tating, especially when coupled with va-
cuum 'above 13" Hg.5 
Step VI. Teat End Recordings 
At milking time set up the dual channel 
vacuum recorder on a milking unit to re-
cord pulsation and teat end vacuum simul-
taneously. Place the unit on a fast milk-
ing cow and have all other units in use at 
the same time. Take both rapid and slow 
speed recordings of the entire milking. 
From this recording determine if the pul-
sator is functioning correctly under load. 
It should not be overly snappy, sluggish or 
sticking. For efficiency and minimal irri-
tation, teat end vacuum should not fluc-
tuate more than 3 inches Hg.5 Teat end 
vacuums of over 12 inches Hg may be 
dangerous especially when used with a 
wide milk-rest ratio.7 Calculate the milk-
rest ratio from the recording. The ratio 
is calculated at the point of liner collapse 
or 3 inches Hg less than maximum teat 
end vacuum. The milk-rest ratio is influ-
enced by the pulsator ratio but will vary 
according to the amount of time required 
to evacuate the air in the pulsator cham-
bers. A 50: 50 milk-rest ratio is adequate. 
Wider ratios should be used with care. 
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Milking Machine AnalYSis Form 
Vacuum Pump Performance 
Record air flow at the pump ___ ,c.f.m. at 15"Hg (N.Z.std) 
Pump specifications: Make Mode:.l.l _____ _ 
Engine H.P. _______ Pump RPM. ____ _ 
System Capacity 
Record vacuum reserve c.f.m. (take at end of line with all 
units attached, liners stoppered and all accessories including the vacuum 
regulator operating. Lower static vacuum lh" Hg and take the air flow 
reading). 
Vacuum Supply Lines 
Diameter of line from P!lmp to moisture trap __ ---::----,-lI.D. 
Diameter of vacuum supply or milkline /I J.D. 
Diameter of pulsator lines ., I.D. 
Milking Units 
Type (name) 
No. of units --:_..,--__ 
Kind of liners (widemouth or narrow) 
a. condition ______ _ 
b. how often changed ______ _ 
Bleeder holes open yes ( ) no ( ) 
Pulsator Action-Line Vacuum 
Measure vacuum maintained by regulator _____ " Hg 
Pulsation rate ratlo,_--,,.---:-_ 
Check each pulsator with the recorder for correct operation. 
Teat End Recordings 
Set up the dual recorder on a fast milking cow with system under fun load. 
a. Pulsator action: snappy __ sluggish __ stickin~ 
h. Teat end: Full load average ., Hg 
Vacuum fluctuation " Hg 
Maximum vacuum at teat end _____ " Hg 
c. Milk-rest ration ______ _ 
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